Details of a technic for analysis of hemoglobin mixtures using acrylamide-gel electrophoresis are presented. The method offers increased speed and reproducibility. Measurements on the unstained gel are made at 525 and at 420 me in a procedure affording increased precision of measurements for minor components. The gel is then stained with amidoblack to detect and measure nonhemoglobin components. The major component of normal human adult hemoglobin is separated into two components in this medium. The two components (A1, A3) appear in varying relative amounts depending on the source of the specimen. The normal minor component A2 also appears. After staining the pattern with a protein dye such as amidoblack lOB, additional components appear in the electrophoresis patterns of hemolysates from carefully washed red cells. These components have a constant migration ratio referred to hemoglobin A1 and appear to be nonheme-containing intraerythrocytic proteins.
Siiccii the discovery of abnormal hemoglobin by Pauling et al. (1) , many different technics have been used for the separation and identification of hemoglobins, e.g., paper electrophoresis (2) , column chromatography (s), and starch-gel electrophoresis (4, 5) . We have investigated acrylamide-gel electrophoresis for the analytic separation of approximately 1250 hemoglobin samples. On the 1)asis of this experience, we have evolved a convenient, rapid, and reproducible technic for this analysis and have improved the precision of measurement of the minor components. Raymond and Wang (6) described acrylamide gel as a convenient and reproducible medium for gel electrophoresis. Among other ad-vantages, it requires neither preliminary hydrolysis nor heating in its preparation.
Its transparency permits the direct measurement of hemoglobin patterns by transmission densitometry.
In this paper we show that minor components of a hemoglobin pattern can be measured in the near ultraviolet and major components in the red band, to increase the relative precision of the former (See Appendix). These measurements are made on the unstained pattern, which can then be dyed with amidoblack to permit measurement of nonheme proteins, which are invariably present in small amounts. We also present data on the relative migration rates of the various hemoglobiiis and nonheme proteins which have been encountered in our laboratory. Finally, we present a brief discussion of the applicatioll of this material to clinical diagnosis.
Solutions and Reagents
The reagents, including Tris-EDTA-borate buffer, dye solution, washing solution, and acrylamide monomer solution were the same as used previously (6, 7) . The gelling procedure was the same. It was found most convenient to prepare the 5% acrylamide solution in large lots (up to 4 L. in buffer) adding 2 ml. of dimethylaminopropionitrile per liter of solution.
This solution keeps at least a month under refrigeration with no noticeable change but must be warmed to room temperature before adding the catalyst (0.2 gm. ammonium persulfate per 100 ml.) to avoid the formation of minute bubbles.
Apparatus
The apparatus used previously (6) included a separate container to mold a gel slab of uniform thickness and a horizontal cooling-plate cell for the electrophoresis of the sample in the prepared gel. The present work employs a vertical-gel-electrophoresis apparatus combining the mold and the electrophoresis cell in one convenient unit. This apparatus (7) molds the gel slab between two cooling plates in a horizontal position.
The assembly is then placed in a vertical position for the electrophoresis. 
Application of the Sample
Using a Sahli or other capillary-tip pipet, apply 0.02 ml. of the hemoglobin solution to the gel slots by holding the tip of the pipet below the surface of the buffer, and 2-4 inni. above the slot, and allowing the hemoglobin solution to drain slowly into the slot to form a layer within the slot.
For most precise quantitative data, make an electrophoresis prerun without sample applied for a period of 1 hour, using a current of 180 ma. at about 300 v. Then apply the sample and allow it to equilibrate for 1 hour before restarting the electrophoresis. These equilibration periods stabilize the gel-buffer-sample system without external dialysis and produce the most reproducible data. For qualitative analysis of hemoglobin mixtures for clinical diagnosis, the equilibration periods can be omitted entirely with excellent resolution and adequate reproducibility of patterns.
Conditions for Electrophoresis
With the apparatus employing tap-water cooling, 20 v per centimeter can be applied to the gel, producing migration of hemoglobin *We thnnk the manufacturer, E-C Apparatus Corp., Swarthmore, Pa., for kindly supplying the apparatus used in the work.
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A a distance of 10 cm. in 3 hours. This requires the application of 300 v at 140-160 ma. to the cell. Although higher voltages (up to 800 v at 300 ma.) can be applied to the cell without overheating, the reduction in running time does not justify the extra effort required. Conversely, it is certainly worthwhile to reduce the time required from 18-24 hours as ill the older niethods to the 3 IlourS used iii tile present one.
Measurement of HemoglobinPatterns
Depending on the purpose of tile analysis, one of tllree types of pattern evaluation may be used. them into the proportionality region of recording, but at the same time throws the major peaks far beyond the upper limits of proportionality.
Since the red filter recording and tile ultraviolet filter recording differ only by a factor of proportionality (See Appendix), it is possible to measure areas of minor peaks on the ultraviolet recording and, after multiplying by a suitable factor, to compare them with areas measured on the red recording. The comparison measured is more precise because of the increased areas measured. Densitometer recording the unstained gel, whether in the red or in the ultraviolet region, does not reveal the full information available in these electrophoresis patterns.
There are one or two additional minor components present which do not contain hemoglobin pigments. These are revealed by staining the gel with 1% amidoblack and decolorizing with dilute acetic acid as previously described (6) . The nature and significance of these minor nonhemoglobin components are as yet unknown.
To sum up, the complete recording of a hemoglobin pattern in our method comprises these parts: First, recording the complete pattern using a red filter; second, rerecording using an ultraviolet filter; and third, following staining with amidoblack and clearing, a final recording with no filter.
For storage, the gel strips are wrapped in a vaporbarrier plastic film (Saran Wrap).
Results
More than 500 hemoglobin samples (over 1300 determinations) were studied.
The patterns obtained from normal erythrocytes and from the erythrocytes of patients with various hemoglobinopathies were examined three times in the densitometer:
first using a 525-ms filter, second using a 420-mp. filter, and finally as the amidoblack-stained pattern without the use of a filter. The order of mobility in acrylamide gel of the several hemoglobins is (origin) X, C, A2, 5, F, A1 (fastest). We did not encounter in our series any of the hemoglobins known to migrate faster than Hemoglobin A1 in starch gel (Fig. 1, p .261) was also often observed in a concentration lower than that of X. Neither of these components corresponded in its position with any clearly defined band ill the serum patterns.
Sickle Trait
This was diagnosed in 43 patients. The bands identified in the pattern before dyeing were A2, 5, A1, and A3, in order of their migration. Band X appeared on staining.
Hemoglobin S Trait
In samples from 20 patients, the bands identified in tile unstained pattern were C, A1, and A3. Band X appeared on staining.
Hemoglobin C-Sickle-Cell Disease
In samples from 10 patients, the bands identified were C and S. Band X appeared on staining.
Tha lassemia
In samples from 17 patients, the bands identified were A0, A1, and A3. Band X appeared on staining.
Sickle-The lassemia
In samples from 4 patients, the bands identified were A2, 5, and F. Band X appeared on staining. To the clinician, the diagnosis of thalassemia is a problem of great interest.
The diagnosis of the "classic" type of thalassemia (10) is suggested by the elevation in the electrophoretically separable component A2. A previous technic using starch gel (4) gave an average of 3.6% A2 for 29 normal individuals (range, 2.8-4.5%) and an average of 6.8% A2 (range, 5.2-8.4%) for 17 patients diagnosed as thalassemias.
Other technics including starch block (11) and paper elec-
Clinical Chemistry trophoresis (12) gave average values ranging fromn 2.6-3.5% A0 for normal individuals.
For thalassemic patients, the values of A0 were stated as "increased" and 9% A2, respectively. Our results in acrylamide gel averaged 2.6% A2 (range, 0.5-5.0%) for 106 determinations in nonthalassemic individuals and 7.4% A., (range, 5.1-15.8%) fof 17 thalassemic patients.
Until an absolute method for the determination of A., hemoglobin becomes available, these values must be regarded as only relative; we think they are sufficiently precise and reproducible to be relied upon for clinical diagnosis. In our series none of the normal individuals had an elevated A2, nor did the clinically diagnosed thalassemics have an A3 concentration in the normal range.
The two ranges, hov ever, met exactly at 5.0-5.1%, and it is likely that in a larger series some overlap might be found.
Appendix
The amount of light transmitted by a filter at any wavelength is given by the expression 1= t11., (1) in which 1, is the intensity of the source, and t1 is defined as tile transmission factor of the filter and is a function of wavelength. The total amount I, of light transmitted over a band of wavelength from xi to X2 is therefore fx2 IjI,, t1(1A
If a unit-length cuvet containing a light-absorbing solution is placed in the optical path, the intensity transmitted is reduced further by the factor e-, where c is the concentration and a is the absorbancy. The factor a is again a function of wavelength but is considered independent of the concentration (Beer's law). The transmitted intensity I than the solution is therefore were not stained or treated in any way prior to measurement.
The quantities of hemoglobin applied to the gel were such as to give areas of tile A2 peak in the range of 30-60 integration units (equal to 0.3-0.6 sq. in.) which could be measured with a precision of 3-5% when using the 420 filter. As expected, the same areas measured in the visible region using 525 filter gave areas of 3-10 units, which could be iii error by as much as 50%. (The unit is an arbitrary measure of area determined with a planimeter.) The A1 component measured in the same way and at the same time gave areas in the visible region of 100-200 integration units. Iii the near ultraviolet the A1 areas were so large as to run off scale on the densitometer used, but by repeating the measurements with proper adjustment of the range control switch, the upper ends of the peak areas could be brought on scale. We were, therefore, able to determine the ration of A1 peak areas at two wavelengths.
Assuming that the previous equations take the same form for both A1 hemoglobin alld A2 hemoglobin, we can employ the experimentally determined ratio for A1 to obtain a reasonably precise value for A2 in the 525 region by multiplying the measured area of A2 in the 420 region by the experimentally determined ratio for A1. The areas found with 525 filter have been compared with tile areas found with the 420 filter for a number of samples (Table 1) . Tile average ratio is 4.9.
